IN NUMERO US investigations concerning
the sclerotic lesions of the valves of the heart, detailed descriptions of the rings and leaflets of the aortic and mitral valves have been made.'-14 These various sclerotic changes have been interpreted as rheumatic, inflammatory, degenerative, or congenital. Although the chordae tendineae of the mitral valve are frequently thickened or otherwvise deformed, they have apparently not been the object of systematic study. MIore than thirty years ago Felsenreich and von Wiesner3 noted that a X'emarkably large number of isolated chordae were thickened or had low-grade fusion. The histologic appearance of such chordae suggested the extension of an inflammatory process from the leaflet. Previous writers had included these thickenings with the hyperplastic, noninflammatory changes of the mitral leaflet that take place with wear and tear. Deposition of lipid in the chordae, or at their insertions into the mitral leaflet, in persons beyond the third decade of life is common.7' 9-1 Loss of cellularity and microscopic calcification occur at these sites as another manifestation of the aging of the connective tissue of the cardiac "skeleton."'' 11 The likelihood that mechanical factors influence the development of these changes has been considered by several obsirvers.2 11 Bohmig and KrIckeberg12 con-sidered the sclerotic changes in the chordae and those of the insertional portion of the leaflet to be the result of various types of systemic infections, a response to foreign proteins "in the broadest sense."
In the present investigation the dimensions and histologic appearance of the chordae tendineae have been studied in human hearts that were considered grossly to be nonrhetumatic. The extent and pattern of distribution of the sclerotic changes were thus determined and correlated with many factors of possible significance in the pathogenesis of the lesions.
METHODS A-ND MATERIAL
The study was made on 200 hearts examined at necropsy in Bellevue Hospital, New York. These included a large proportion from children, women, and Negroes. _Many of the hearts from these were obtained through the courtesy of Di's. Milton Helpern, Robert Fisher, and Henry Weinberg of the iIedical Exami- ner's Department of the City of New York. All hearts with distinct rheumatic lesions such as fusion of the chordae tendineae and all those from subjects with a history of rheumatic fever were excluded. The hearts were otherwise unselected.
The mitral valves were excised in the region of the annulus and at the origin of the chordae from the papillary muscles. They were fixed in a flattened position in 10 per cent formalin.
Precise measurement of the diameter (width) of the chorda was made from photographic enlargements of both leaflets. The surfaces of the leaflets were wiped dry, the valve placed in the negative holder of a photographic en-782 larger (Federal l 440), and the image projected onto photosensitive enlarging paper of medium contrast. The magnification used was three diameters. The leaflets were placed ventricular face down in the holder so that this surface was brought into prominence in the photographic image. It, was decided that the length and width of the chordae inserting into the ventricular aspect of the leaflets (chordae of the second order [Tandlerl5]) were more amenable to measurement than were those of the chordae inserting into the free margin (chordae of the first order). Letters were used to designate the chordae on either side of the apex of the free margin of the anterior leaflet; the choi dae on the anterior (left) side of this leaflet were labeled with a capital letter (A, B, C, and so on), while those on the posterior (right) side were marked with a lower-case letter (a, b, c, and so on). The following data were recorded when available: weight of the heart; age, sex, race, and arterial blood pressure of the subject; an estimate of the degree of generalized arteriosclerosis; circumference of the ring of the mitral valve; the presence of calcification in the annulus of the aortic and mitral valves, myocardial infarction, pericarditis, and syphilitic aortitis.
The width of a chorda tendinea approximates its diameter only when the chorda is almost round on cross section. In 13 of the adults and 7 of the infants and children, the widest chordae were markedly flattened and measurements of these chordae have been excluded from the calculations.
REsULTS
Casual inspection of the valves revealed a relative thickening of certain chordae tendineae of the anterior leaflet of the mitral valve in every heart. The histologic sections of the thickest chorda disclosed that most of its substance was made up of relatively acellular collagen. This material was usually directed, in a normal fashion, parallel to the long axis of the chorda. In the hearts from subjects in the third decade of life or older, a stubendocardial layer of collagen frequently encircled this central core, at least in part. When this circular layer was thick, it constituted the bulk of the cross section and could even be distinguished grossly. Such enlarged and altered chordae were readily identified as abnormal ( fig. 2) This relationship obtained also in infants and children. In 50 bovine hearts the average diameter of the thickest chorda tendinea of the anterior leaflet was 1.6 ± 0.9)4 mmn. and the general average of the individual average diameters of the posterior leaflet chordae tendineae was 0.7 ± 0.03 mm., a ratio of 2.3.
In the 11 sclerotic hearts the diameter of the chordae was in general very greatly increased. Usually only one or two of the (hordae were involved and in this group als ) the site of predi- In the sclerotic group the thickening did not involve the chordae of the posterior leaflet; the average diameters of the latter were the same in the sclerotic and normal hearts.
In most instances the sclerosis involved the entire length of the chorda. Occasionally there was fusiform swelling of only the trunk of the chorlda or a tapered thickening at the insertion into the leaflet.
The lengths of the chordae tendineae of the anterior leaflet varied greatly, usually to a much greater degree than did those of the posterior leaflet. Their relative length in each heart has been expressed as a ratio of the length of the anterior leaflet chorda to the average of the lengths of the chordae of the posterior leaflet. In general, the second order chordae of the anterior leaflet were only slightly longer (1.14) than those of the posterior leaflet. In the sclerotic anterior leaflet chordae the relative length was 1.18. This difference is insignificant and demonstrates that the process of sclerosis was not accompanied by shortening.
Histologic Struc'iire. The collagenous core of the normal chor(la was continuous with the dense fibrosa layer of the leaflet. In infancy and early adult life it was largely a(ellular, but the collagen was clearly fibrillar. At this time the fibrils were wavy and therefore (oursed for a distance in the plane of the cross section although mostly they were directed in the plane of the axis of the chorda (fig. 5) The weight of the heart in the adults bore no relation to the diameter of the thickest chorda tendinea of the anterior leaflet or to the development of the sclerosis ( fig. 9 ). The latter was seen in hearts weighing from 170 to 620 grams. The heart weighed more than 490 grams in only 2 subjects with sclerotic chordae. In general the length of the chordae of the second order was greater in hypertrophied hearts than in small ones, but there w-as much individual variation. The circumference of the mitral ring could not be correlated with the presence of the lesion.
The degree of generalized arteriosclerosis wats graded as none, mild, moderate, or sevee. There were 17 young adults without appreciable arteriosclerosis. Sclerosis of the chordae tendineae was not present in any of these nor in the other young adults who had some arteriosclerosis. Among the older group 7.6 per cent of those with mild, 5.6 per cent of those with moderate, and 10.8 per cent of those with severe arteriosclerosis had marked lesions of the chordae. Similarly there was no striking correlation with the incidence of myocardial infarction or calcification of the rings of the mitral or aortic valves.
In 2 of the 11 subjects with sclerosis there was an associated syphilitic aortitis without insufficiency of the aortic valve. Pericarditis was absent in all eleven. In 2 subjects the principal anatomic diagnosis was pulmonary tuberculosis; in four there was a carcinoma of the upper gastrointestinal tract; in the remaining the diagnoses included generalized arteriosclerosis, and duodenal ulcer with perforation.
DIscussIoN
The results demonstrate that relative thickening of some of the chordae tendineae of the second order of the anterior mitral leaflet occurs with regularity in the human heart. Two types may be distinguished: (l) thickening as a normal structural pattern, or (2) an acquired sclerotic thickening.
That the first type of thickening of the chordae in this region is inherent in the construction of the valve is indicated by the regularity of its occurrence in human beings of all ages, even in newborn infants, and in animals (e.g., bovine) in which acquired rheumatic or arteriosclerotic heart disease is not known to occur.
It usually is of mild degree but the (liameter of these chordae may be two to three times or 788 more than that of the chordae of the posterior leaflet. In most instances the entire chorda is thickened. Little is known of the fetal development of the chordae tendineae. Cordier and Roux16 have described them in several early embryos. In a 9.5-mm. embryo the anlage of second order chordae may be seen on the anterior ("internal") leaflet. In the 13.5-mm. embryo, as the bulbus arteriosus divides and the interventricular septum is completed, the chor- dae of the anterior leaflet undergo resorption. This leaves a chorda-free hiatus and the thickened chordae are on either side of this gap. This position would suggest that mechanical factors, stemming from the character of the blood flow in this region, influence the thickness of these chordae. As the leaflet and the sclerosis of the chorda. The importance of the mechanical factor is suggested by the observations that the sclerosis sometimes occurs with the sclerosis of the anterior mitral leaflet that accompanies insufficiency of the aortic valve due to syphilis or to isolated calcific stenosis of the aortic valve.
The fact that the chorda may be more sclerotic than the leaflet, and that the sclerosis may even be focal at a distance from the leaflet, contradicts the thesis that these changes are simply due to extension of an inflammatory (or other) process from the leaflet on to the chorda. '2 On the other hand, there are certain features of close similarity of this lesion to those of healed rheumatic valvulitis. The pattern of subendocardial fibrosis may be indistinguishable in the two. The existence of several axial bundles of collagen within the thickened mass may correspond to the fusion of the chordae.15
The striking similarity between the thickened chordae of healed rheumatic inflammation and the sclerotic chordae of the present series may be noted in figures 7 and 10. It cannot, however, be assumed that the existence of more than one axial bundle within the sclerotic chorda necessarily proves that fusion of pre-existent chordae has taken place and that the lesion is, therefore, of rheumatic origin. There may be, as pointed out previously ( fig. 6) 
SUMIIMARY
The dimensions and histologic appearance of the second order chordae tendineae of the mitral v-alve were studied in 200 human hearts that were considered grossly to be free from rheumatic inflammation. Two types of relatively thick chordae were found. The central chordae of the anterior leaflet were thickened in all hearts, in subjects of all ages, and a similar pattern was found in the bovine heart. This suggests that this finding is a normal developmental phenomenon. Another type of thickening was seen in 11 of 160 adult hearts. This was of much greater extent and was associated with laying down of large amounts of subendocardial collagen. Of the many factors possibly involved in the pathogenesis of this sclerosis, only two are suggested to be of importance: (1) the lesion was not seen in subjects younger than 37 years of age, and age, therefore, plays a role; (2) the predilection of central chordae of the anterior leaflet of the mitral to undergo this change suggests that mechanical factors, stemming from the character of the blood flow in this region, also are involved.
